what role the ORF 29 protein might play in this process. A Grose (Department of Microbiology, University of Iowa, Iowa City). Cells were grown and maintained as previously described possible hint comes from the facts that the ORF 4, 63, and 62 [6, 7, 22] gene products are all involved in regulation of VZV transcrip- the luciferase gene in the pGL2-basic vector (Promega Biotec,
A small number of viral genes are actively transcribed during in regulation of HSV transcription [17, 18] . We therefore decided to explore the possibility that the VZV ORF 29 protein varicella-zoster virus (VZV) latency. They include open-reading frames (ORFs) 4, 21, 29, 62, and 63 [1 -5] . ORF 62 encodes is a factor in regulating transcription of VZV genes. The experimental system chosen involved transient transfection experithe major viral transcription activator, commonly known as the immediate early (IE) 62 protein. IE62 contains a potent acidic ments with a variety of cell types, two reporter genes, and the VZV glycoprotein I (gI) promoter [19] as a target. We have transactivation domain and can drive transcription from all kinetic classes (IE, early, and late) of VZV genes [6 -9] . The found that the VZV ORF 29 protein modulates the activity of the IE62 protein. This modulation is dependent on cell type ORF 4 and 63 gene products modulate the activity of the IE62 protein. In the case of ORF 4, this modulation is positive, while and promoter and may involve binding of the ORF 29 protein to a specific sequence or structure in the gI promoter. in the case of the ORF 63 protein, both positive and negative effects have been observed [10 -13] . Neither the ORF 4 nor ORF 63 gene products can transactivate VZV promoters in the Materials and Methods absence of IE62. The function of the ORF 21 gene product is unknown. The product of the herpes simplex virus (HSV) what role the ORF 29 protein might play in this process. A Grose (Department of Microbiology, University of Iowa, Iowa City). Cells were grown and maintained as previously described possible hint comes from the facts that the ORF 4, 63, and 62 [6, 7, 22] gene products are all involved in regulation of VZV transcrip- tyl transferase (CAT) gene under the control of the gI promoter cells/400 mL), and then 2 1 10 6 cells were mixed with 20 mg of [6] . Using the conditions described in Materials and Methods, DNA and electroporated as above.
we found in triplicate assays that cotransfection of the A3.01
CAT assays were done, and the results were quantified as pre-T cell line with the IE62 expressing plasmid pCMV62 and the viously described [6] [7] [8] . Luciferase assays were done using an pgpIVCAT reporter plasmid resulted in a 3.9 { 0.14 mean assay kit from Promega Biotec. Chemiluminescence was quantified fold increase in CAT activity compared with that for controls. plasmid, we observed a 15.8-fold induction of activity above chromatography on single-stranded DNA agarose and heparin sepharose as previously described for HSV ICP8 [25] .
that seen with the pCMV62 plasmid alone ( Figure 1A shows the results of a titration of the filters was done as previously described [25, 26] .
experiment using the gpIVCAT reporter plasmid and A3.01 Results (T) cells. In this experiment, the amount of pCMV62 plasmid transfected was kept constant, and the effect of adding increasTranscriptional modulatory activity of the ORF 29 protein.
Previous work from this laboratory showed that the gI promoter ing amounts of the pCMV29 plasmid was assessed. The up-modulatory effect observed with the addition of the pCMV29 for the IE62 expressing plasmid alone (figure 1B). The decrease was not due to depletion of a cellular factor by the strong CMV plasmid increased in a dose-dependent manner.
Similar experiments were done using the rat neuronal PC-IE promoter: Control experiments using a plasmid containing the CMV promoter alone did not show a decrease over the 12 cell line. In this case, in contrast to experiments with the T cells, titration with the pCMV29 plasmid resulted in a significoncentration range used in these experiments (data not shown). cant decrease in the transcription activation compared with that Experiments were also done with A3.01, PC-12, HeLa, MeWo, and HFF cells using CAT or luciferase (or both) as reporter genes. The results in A3.01 and PC-12 cells were very similar with both CAT and luciferase. In the HFF, MeWo, and Hela cell lines, the IE62 transactivation was reproducibly increased upon cotransfection of the pCMV29 plasmid, although the level of stimulation (Ç2-fold) was significantly less than that observed in A3.01 cells. These results are summarized in table 1.
The ability of the ORF 29 protein to modulate the activity of the IE62 protein in the context of a different VZV promoter and a non-VZV promoter was also assessed. The promoters used were the VZV ORF 61 promoter and the SV40 IE promoter driving CAT and luciferase reporter genes, respectively. The experiments were done with A3.01 cells, and as shown in table 1, the presence of the ORF 29 protein resulted in a downmodulation in the case of the ORF 61 promoter, and no significant effect was seen in the case of the SV40 promoter. Taken together, these results show that modulation of IE62 activity by the ORF 29 protein is both cell type and promoter specific but independent of the reporter gene or method of transfection.
Interaction of the ORF 29 protein with the gI promoter. In an effort to understand the mechanism of the transcription modulatory activity of the ORF 29 protein, we performed nitrocellulose filter binding assays, using ORF 29 protein purified from recombinant baculovirus-infected cells. The 426-bp DNA fragment containing the gI promoter and a DNA fragment of similar size and base composition (derived from the human triose phosphate isomerase gene; gift of Howard Wallace, Department of Microbiology, State University of New York at Buffalo) were used as binding substrates. Initial titration experiments showed that the ORF 29 protein bound significantly more of the gI promoter containing fragment than the DNA fragment derived from the triose phosphate isomerase gene, which acted as a negative control. These results suggested that / 9d4d$$no23 10-13-98 11:11:55 jinfal UC: J Infect there may be a sequence or structure within the gI promoter MeWo, HeLa, and T cells, it would be an up-regulatory factor and would not be present in PC-12 cells. If it is a downthat is recognized by the ORF 29 protein.
Competition assays were done as described in Materials and regulatory factor, it would be present in PC-12 cells but not in the other cell lines. The results also indicate that a cis-acting Methods to confirm the differential binding of the ORF 29 protein to the gI promoter. The DNA fragment corresponding to element (or elements) in the gI promoter is involved in the ORF 29 protein effect. This element(s) would include the ORF the gI promoter was labeled with 32 P and mixed with increasing amounts of unlabeled gI promoter or with the control fragment 29 protein binding site and could also involve a specific site for the proposed cellular regulatory factor. In this regard, we in the presence of the ORF 29 protein. The conditions chosen were within the linear region of the gI promoter -ORF 29 have recently identified a 40-bp region within the gI promoter that is required for the ORF 29 protein up-modulatory effect protein binding isotherm. The reaction mixtures were passed through nitrocellulose filters following a 10-min incubation.
(Boucaud D, Ruyechan W; unpublished data). The inhibitory effect of the ORF 29 protein in the PC-12 The results of triplicate assays ( figure 1C) showed that the unlabeled gI promoter was capable of completely competing cell transfection experiments suggests a possible model for the role of the ORF 29 protein in establishment or maintenance of away signal from the labeled probe. In contrast, the nonspecific fragment we used was much less efficient than the gI fragment latency and, hence, the presence of its transcript in latently infected cells. gI forms a complex with the VZV gE glycoproat all concentrations used. Thus, the interaction of ORF 29 protein with the gI appears to be specific. Additional filtertein during lytic infection [27] . This complex is not only required for the production of mature virus particles but is also binding experiments indicated that the ORF 29 protein -gI promoter interaction is more salt stable than the interaction of important for cell-to-cell spread of the virus. During lytic infection, the ORF 29 protein may be required to maintain the levels the ORF 29 protein with the control fragment (Boucaud D, Ruyechan W; unpublished data).
of transcription of the gI gene for the production of sufficient amounts of gI for complex formation with gE. If, upon entering neurons, the levels of gI are altered in a manner reflected in Discussion the down-modulatory activity seen in our PC-12 experiments, both cell-to-cell spread of the virus and efficient production of We have shown that the VZV ORF 29 protein, like the ORF 4, 62, and 63 gene products, is involved in VZV gene infectious virus would be affected. Such a situation could slow productive infection of the virus to a point that specific cellular expression. Thus, four of the five VZV genes transcribed during latency produce proteins that are now known to share this and viral functions (possibly encoded by the other VZV genes transcribed during latency) could then establish the viral gefunction. Our results are the first nongenetic evidence that members of the herpesvirus major DNA-binding protein family nome in the latent state. This model is in accord with the existence of the proposed cellular factor involved in IE62 -are directly involved in transcription of the viral genome. We have shown that the ORF 29 protein modulates the activity of ORF 29 protein -regulated transcription. Stimuli resulting in reactivation could, as one of probably a number of consethe IE62 major transactivator in a cell type -and promoterspecific manner. The activity seen in cells permissive or semipquences, lead to either induction or repression of the proposed cellular factor affecting ORF 29 protein modulation, depending ermissive for growth (HFF cells, MeWo cells, and T cells), in which the protein stimulates IE62-driven expression from the upon whether it was an activator or repressor. The levels of gI transcript would be increased, and infectious virus and efficient late gI promoter and inhibits expression from the early ORF 61 promoter, is reminiscent of the results for HSV ICP8 in the cell-to-cell spread of the reactivated VZV would occur. genetic studies of Godowski and Knipe [17] and Gao and Knipe [18] . It is not known why the level of ORF 29 up-modulation is significantly higher in A3.01 cells than in other cell lines.
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